CDM Synopsis





 	Collaborative Decision Making (CDM) is a phrase that has very broad implications.  It is really more a philosophy on how to conduct business between the various components of aviation transportation, both government and industry.     In our present context when we refer to CDM we refer to a specific FAA program, managed by AUA-500,  sponsored by the Air Traffic Control System Command Center (ATCSCC) and formally known as CDM-Ground Delay Enhancements.  This synopsis paper will provide a brief background of the program,  describe the primary program elements, and summarize the FAA’s benefits calculations.  





	CDM has a very narrow focus, reduced airport arrival capacity, and specifically, those situations that usually lead to some kind of ground delay program, or ground hold strategy.  There are two central tenants to CDM; that better information will lead to better decision making,  and that tools and procedures need to be in place to enable ATCSCC and the NAS users to more easily respond to changing conditions.  





Background





	Although this program did not officially become CDM until the spring of 1995, this effort actually got its start when Air Traffic Management (ATM) commissioned the Mitre Corporation to analyze the existing substitution process and suggest improvements to that process.  Mitre developed a prototype system known as the Ground Delay Substitutions Visualizer (GSubV) which contained alternative substitution mechanisms including a very simple version of what has evolved into the compression process (described below).  In the spring of 1992 the ATA called a meeting that included several airline representatives that remain participants in CDM to this day.   In February 1994 the new unlimited substitution rules went into effect, along with the first operational version of the Flight Schedule Monitor (FSM) which was used at that time to monitor for compliance with the new rules.  Meanwhile, in the summer of 1993 the FAA/Airline Data Exchange (FADE) program was initiated during a Traffic Flow Management - Architecture Requirements Team (TFM-ART) meeting.  FADE at the time was intended to be a short experiment focusing on whether updated schedule information provided by the NAS users could affect Traffic Flow Management decision making.  The positive results of the experiment led to the continuation of FADE and the merging of the data exchange concept in FADE with the slot substitution concepts in GSubV.





	Numerous statistical and simulation analyses were conducted in early 1994 in an attempt to quantify the benefits of the data exchange and the new processes/substitution rules being proposed in  the FADE program.  In August 1994 an extensive 3 week human-in-the-loop exercise was conducted with  ATCSCC  focusing specifically on whether updated schedule information could influence decision making.  The findings were quite positive; namely that yes, decision making can improve with improved information.  In terms of Ground Delay Programs (GDPs) this often translated into programs of reduced scope and hence reduced delays, and in some cases,  GDPs were even deemed unnecessary.   The total reduction in assigned delay varied from specialist to specialist, and ranged from about a 10% reduction to close to a 40% reduction in assigned delay.  





	In December of 1994 a joint airline/ATCSCC wargame exercise was conducted at Metron Inc. in Reston, VA.  A timing cycle was exercised and the combined effects of improved decision making and the new compression process were measured.   Total delay reduction was quite consistent with the ATCSCC exercise, ranging from less than 10% to more than 35%, depending upon the airport scenario.   Many airline representatives regard the ORD scenario in the wargame as the strongest evidence of the potential benefits of CDM.  During this scenario the research team used the actual weather conditions (snowstorms) in Chicago occurring on the day of the wargame.  Two major carriers, using laptops and modems, used actual cancellations that they extracted from their operational control centers.  The approximate  20% reduction in delay could then be directly compared with the actual GDP and substitutions that were taking place at the exact same time we were conducting the wargame.  





	In early 1995 several meetings took place at the ATA with airline representatives and the FAA/FADE program manager to develop what became known as “Roles and Responsibilities.”  These were in time signed off by both the development and Air Traffic arms of the FAA.  The principle focus of these roles and responsibilities is considered by many to be the cornerstone of collaboration; a mutual respect and understanding of the respective roles of the service provider (ATCSCC) and the NAS users.  To paraphrase, ATCSCC is the neutral party with the big picture.  It’s principle role is to identify bottlenecks and constraints and communicate these to the users.  The role of the users is to operate within these constraints and communicate their intentions to the provider.  With respect to GDPs the constraints are in the form of Airport Acceptance Rates (AARs) and once a program is run, allocated arrival slots.  User intentions are reflected in schedule changes and, when a GDP has been run, slot substitutions.





	By the spring of 1995 the program was given its present name, CDM, and the CDM working group was formed.  The group consists of numerous airline representatives, the ATA, representatives from ATCSCC, the TFM Integrated Product Team (IPT) (AUA-500), as well as FAA contractors and the Mitre Corporation.   The CDM group is co-chaired by the FAA Program manager from the IPT (Jim Wetherly) and an airline representative, presently Kevin Kollman of USAir.   In the summer of 1995 many of the CDM participants were involved in the RTCA Free Flight Task Force III, and were instrumental in getting the free flight definition expanded to include strategic planning and specifically, collaboration and information exchange.  





	By the fall of 1995 the program became a well defined program, with the Volpe Center producing a program plan, a system requirements document, and a detailed description of the CDM message formats.  Meanwhile,  an FAA contractor, Metron Inc., continued with the development of FSM, including the connection of FSM to the ETMS system.  





	Despite some serious funding perturbations the program continued, albeit at a rather slow pace.  In July 1996 three airlines (USAir, United and American) began sending in CDM test messages, with other airlines intending to follow suit shortly.  An extensive period of human-in-the-loop exercises is scheduled to begin in early October and continue through December.  During this period the timing cycle will be established, procedures will be developed, and any open issues identified and resolved.  Prototype operations are scheduled to begin in January 1997, initially focusing on 11 pacing airports.  





	It must be highlighted that whereas most of the CDM program revolves around data exchange, it really is appropriately named, because the whole process that has led us to our present state has been collaborative.  Visionaries in the FAA and the airline industry, often with little or no backing from their own organizations, have kept this program moving forward because they believed.  They believed what I consider a simple truth; that by working together we can make the system better; that it can become safer and more efficient, and at the same time users can have greater flexibility in managing their schedules according to their own economic objectives.  A win-win situation.  This is the foundation of CDM.  





Program Elements





Data Exchange:  


	


	The data exchange process addressed in FADE remains one the central tenants of CDM.   The NAS Users are expected to send operational schedules and changes to those schedules on a continuous basis.  Changes would include delays, cancellations and newly created flights.  The CDM message structure also permits the modification of specific flight information such as equipment type.  Placeholders have been built into the structure to provide room for growth (e.g., landing weight which may be required by  CTAS).  This demand information will be used by ATCSCC to determine whether a capacity/demand imbalance is such as to warrant some type of ground hold strategy.


	


	In some specified time increment (say  15 minutes) the FAA will consolidate the demand information and send it back to the users in what is known as the Aggregate Demand List (ADL).  The ADL contains a flight list of all the projected arrivals into a specific airport and incorporates the schedule updates received from the users.   The ADL a specific user receives will contain all flights but the flight identifiers for flights belonging to its competitors will be stripped out.   The ADL will permit users to see where they fit in the flow and to more effectively plan.  For example, one user has indicated that it plans on using the ADL to assist in determining how much fuel to load on specific aircraft.  





GDP Advisories:   


	


	Technically part of the data exchange,  the new advisory being pursued under CDM represents perhaps the strongest  truly collaborative component of the program.  Instead of sending out an advisory that states that a GDP will be run at this time with this rate, the advisory will include a cut-off time; the time when the program will actually be run.  NAS users will then have until that time to re-schedule, cancel, and conceivably reduce the demand enough to either delay the start of the program, or even eliminate the need for a GDP.


	


Ration by Schedule (RBS):  





	RBS is the enabler of the data exchange.  In the current traffic management system (ETMS) if an airline reported cancellations in advance of a GDP those flights would be dropped from the data base and the airline would not be able to use its assigned arrival slots for substitutions.  If an airline reported a mechanical delay, ETMS would re-project its arrival time, and if a GDP were run that flight would most likely receive an additional delay on top of its mechanical delay.  These effects have become known as the “double penalty” issue.    Although virtually all airlines involved in CDM agree that the schedule information they are asked to send to FAA would lead to better decision making, this double penalty issue represented a barrier; an impediment to implementing the data exchange.  Airlines simply would and could not send in information that would produce clear adverse economic consequences.  RBS removes this disincentive.  Although there are many technical details regarding who and who is not included in a program, in general, the RBS concept is quite simple.  When arrival capacity is reduced and limited arrival resources (arrival slots) must be rationed,  for scheduled carriers the rationing should be based upon the original schedule, not current projections of demand.   The RBS concept has been integrated into all versions of GDPs, including extensions, revisions and blanket programs (in the FSM system).    The RBS concept is one of the fundamental cornerstones of the CDM program and represents a separation of the information used for decision making from the information used as the basis of resource rationing.








Compression:  


 


	Compression, also known as bridging substitutions, is a process whereby unusable arrival slots are shifted in time so the owner can again use that slot.  Say, for example, an airline has 2 flights scheduled to arrive in EWR;  flight 1 at 1300 and flight 2 at 1500.  After a GDP is run flight 1 is assigned a 1400 arrival slot and flight 2 receives a 1700 arrival slot.  If flight 1 is canceled, flight 2 cannot make use of the 1400 arrival slot because it occurs before its scheduled arrival time of 1500.  Compression will move the vacated slot from 1400 to 1500 so that it can be used.  In order to make room for this flight all flights in the arrival slots from 1400 to 1500 would be moved up a minute or two each.  Compression therefore represents a win-win situation; most of the benefits going to the airline that reduced demand by canceling a flight, but just about everyone receiving some benefits.    When the compression process is finished,  the airline receives the vacant slot back, at the slot time where no further movement was possible.  In other words, when airlines send a release message indicating that an arrival slot is available for compression it is really not giving up the slot; rather the slot is being shifted in time to a point where it can be used by the releasing airline.  





	There are some interesting mathematics associated with compression.  In general, users with a small presence at an arrival airport are the primary beneficiaries of compression.  It is these cases where there tend to be schedule gaps preventing the full use of the substitution process.   There are also instances where an airline with a major presence at an airport can benefit from compression.  This usually requires a significant number of cancellations before these block points are reached and compression is needed to fill in the holds.  Note that whether compression is helpful in a specific instance is to some degree a function of the Airport Acceptance Rate (AAR).   If, in the example above, the GDP had been run at a significantly lower AAR and flight 1 received a 2 hour delay with an arrival slot of 1500, then clearly flight 1 could be canceled and flight 2 could substitute into the 1500 slot with the existing substitution rules.  


 


Control by  CTAs (controlled time of arrival):


   


	This item is actually imbedded in the data exchange.  Simply stated it means that a user, given an arrival slot, may determine its own departure time according to its own economic objectives.  This departure time would become that flight’s Estimated Departure Clearance Time (EDCT).   A version of this went into effect recently with a new message known as ADJ (adjust), as part of the existing substitution process.  The ADJ message permits users to replace the FAA estimate of en-route time (ETE) with its own, thereby selecting its own departure time.    Eventually Control by CTAs will be built into the new CDM message structure.  Many users are of the opinion that true Control by CTAs will not be in effect until the existing substitution process is replaced with the new simplified substitutions.





Simplified Substitutions: 


  


	The existing substitution process can be somewhat cumbersome and difficult to use.  In simplified subs. the need to identify specific pairs of exchanges or substitutions (e.g., flight 1 cancels and flight 2 is substituting into flight 1’s slot) is eliminated.  Users would be allocated a set of arrival slots, and in the initial solution there would be an initial assignment of flights to slots.  If a user cancels, delays or in anyway changes slot assignments, it would simply have to report that  (for example) flight 2 is now assigned to slot 1, flight 3 is assigned to slot 2,  and so forth.  The capability to conduct simplified substitutions is being imbedded in the modify message of the CDM message structure.  








The Flight Schedule Monitor (FSM):


  


	FSM is a decision support tool that is intended to serve as the experimental test-bed of CDM.  It contains three essential components: 1)  graphical and timeline presentation of demand, 2) information extraction, and 3) ground delay utilities.  FSM is being made available (including source code) to all users that sign a Memorandum of Agreement (MOA) with the FAA.   Through FSM users will have the same “picture” of the problem that ATCSCC has; the same information; and the same capability to do what if analysis and explore alternatives.    Airline training on the use of FSM is scheduled to begin on September 12-13 with other training sessions scheduled throughout September and early October.  Training of the ATCSCC core team will also commence in mid-September.





	Benefits Summary  





An FAA organization, ASD-400, has been tasked with conducting benefits analysis of FAA programs.    This organization is independent of the IPT which manages the CDM program.  The results of the various exercises, statistical and simulation analyses were provided to ASD-400, which in turn conducted their own analysis, and used various formulas to reduce most of the benefits numbers and ensure a conservative calculation.  Using projections in demand growth, the benefits were then computed over an eight year time frame.   ASD-400 concluded that the CDM elements (as described above) comprise a potential $2.6 billion reduction in costs to the airline industry through the year 2004.  Including passenger value of time, as calculated by an established FAA formula, this number becomes $8.9 billion.  Even considering airline investment costs that are needed (e.g., software systems to generate the CDM messages) a rough order of magnitude estimate of the cost of implementing full CDM functionality is somewhere in the $5 million range; making for a rather incredible benefit to cost ratio.    There are no advanced technologies and no elaborate expensive systems in CDM.  It’s cheap, and the benefits appear substantial.  





	There are those who consider these calculations somewhat misleading, and not reflective of the true benefits of CDM.  First, they don’t account for improved planning on the part of the users that may result from the return flow of information.  Second, they don’t account for delay propagation.   Third, they don’t account for qualitative benefits, such as the improved scheduling flexibility associated with the simplified substitution process.   But most importantly, there are those who suggest that the greatest benefit of CDM is that it is a clear, first step toward greater collaboration and information exchange;  that it is breaking some of the cultural and institutional forces that have led to industry and government working not as partners, but as adversaries.  Strong individuals in the FAA and the airline industry are working to change this; to bring in a new era of teamwork and cooperation.  As one CDM representative once put it, “it’s us, government and industry, together against the weather.”  


